It is well accepted that oocyte meiotic resumption is mainly regulated by the maturation-promoting factor (MPF), which is composed of cyclin B1 (CCNB1) and cyclin-dependent kinase 1 (CDC2). Maturation-promoting factor activity is regulated by the expression level of CCNB1, phosphorylation of CDC2, and their germinal vesicle (GV) localization. In addition to CCNB1, cyclin O (CCNO) is highly expressed in oocytes, but its biological functions are still not clear. By employing short interfering RNA microinjection of GV-stage oocytes, we found that Ccno knockdown inhibited CDC2 (Tyr15) dephosphorylation and arrested oocytes at the GV stage. To rescue meiotic resumption, cell division cycle 25 B kinase (Cdc25b) and Ccnb1 were overexpressed in the Ccno knockdown oocytes. Unexpectedly, we found that Ccno knockdown did not affect CDC25B entry into the GV, and overexpression of CDC25B was not able to rescue resumption of oocyte meiosis. However, GV breakdown (GVBD) was significantly increased after overexpression of Ccnb1 in Ccno knockdown oocytes, indicating that GVBD block caused by cyclin O knockdown can be rescued by cyclin B1 overexpression. We thus conclude that cyclin O, as an upstream regulator of MPF, plays an important role in oocyte meiotic resumption in mouse oocytes.
INTRODUCTION
Mouse oocytes are arrested at the diplotene stage of first meiotic prophase, termed the germinal vesicle (GV) stage. Resumption of meiosis mainly relies on the activity of the maturation-promoting factor (MPF), which is composed of the regulatory subunit cyclin B1 (CCNB1) and the catalytic subunit cyclin-dependent kinase 1 (CDC2) [1] . There are three pathways by which the activity of MPF is regulated: 1) regulation of translation of Ccnb1 mRNAs [2] , 2) control of nuclear MPF import [3] [4] [5] , and 3) phosphorylation or dephosphorylation of CDC2 [6] . High levels of cAMP activate protein kinase A (PKA) [7, 8] , which activates the inhibitor of CDC2 termed WEE1B [9] . Wee1b locates in the GV of GVstage oocytes and becomes exported into the cytoplasm before GV breakdown (GVBD) [10] . CDC2 can also be activated by the cell division cycle 25 B kinase (CDC25B). WEE1 proteins phosphorylate and inhibit cyclin-dependent kinase (CDK) activity, whereas CDC25 proteins release CDK activity by dephosphorylating WEE1 phosphorylated CDK [11] . Oocytes of Cdc25b-depleted mice cannot resume meiosis and show low activity of MPF [12] . CDC25B, a substrate of PKA [13] , locates in the oocyte's cytoplasm at the GV stage and enters the GV before GVBD. Entry of CDC25B into the GV occurs prior to the export of Wee1b into the oocyte's cytoplasm [10] . Export of WEE1B roughly coincides with the entry of MPF into the nucleus before GVBD [10] . A still incompletely understood pathway regulating oocyte meiotic resumption is controlled by the spindle checkpoint protein BUBR1. Knockdown of BubR1 in GV-stage oocytes can partially (25%) release the oocytes from GV arrest by 3-isobutyl-1-methylxanthine (IBMX) and block the oocytes at the pre-metaphase I of first meiosis (pre-MI) stage [14, 15] . BubR1 knockdown can decrease the expression level of CDH1 (FZR1) [14] , whose unphosphorylated form is an inhibitor of the anaphasepromoting complex (APC). Knockout of Cdh1 in mouse oocytes elevates Ccnb1 expression and promotes meiosis competency of those GV oocytes that are still very small [16] . Knockdown of BubR1 induces meiotic resumption that might be the result of decreased CDH1 in oocytes, but the detailed mechanism by which CDH1 is degraded in BubR1 knockdown oocytes is still unknown. In addition to the activation of MPF, meiosis resumption is also accompanied by the rearrangement of the microtubule organization centers (MTOCs) [17] . The MTOC, which could be marked by c-tubulin, is the major microtubule nucleation site to form spindle apparatus. When the oocytes restart meiosis, MTOCs first appear at the perinuclear region and nucleate the microtubule filaments. After GVBD, MTOCs gradually migrate to both sides of the chromosomes and form the spindle poles [18, 19] . So the formation of MTOCs at the perinuclear region in oocytes is also an obvious indicator of meiosis resumption.
Cyclin O (also called UNG2 or UDG2) is a cyclinlike DNA glycosylase that removes the cytosine deamination or misincorporated uracil on DNA. In human B cells, CCNO is expressed during the S phase and is degraded at the S/G 2 transition stage. In the S phase, CCNO colocalizes with proliferating cell nuclear antigen protein at the replication foci [20] . Ccno in mouse lymphoid cells can bind and activate CDK2 to respond to DNA damage-induced intrinsic apoptosis stimuli. When Ccno was knocked down, DNA damageinduced apoptosis could be abrogated [21] .
Although the mechanisms of oocyte meiotic resumption have been extensively explored, many details are still not clear. We found that Ccno existed in oocytes from the GV through metaphase II (MII) stage. When we knocked down Ccno mRNA, most oocytes were not able to resume meiosis and form MTOCs. To further investigate the mechanisms by which CCNO regulated GVBD, we overexpressed Ccnb1 or Cdc25b in Ccno knockdown oocytes. We found that the inability of meiotic resumption induced by Ccno knockdown can be rescued by overexpression of Ccnb1 but not Cdc25b.
MATERIALS AND METHODS

Oocyte or Zygote Collection and In Vitro Culture
All animal manipulations were in accordance with the guidelines of animal care and use principles of the Institute of Zoology, Chinese Academy of Sciences. ICR strain female mice ages 8-10 wk were used in our experiments.
We chopped the ovaries with a small blade, and the naked oocytes that stayed at the GV stage were collected by mouth pipette. For in vitro maturation, the GVstage oocytes were cultured in M2 medium (M7167; Sigma). To maintain the GV arrest, oocytes were cultured in M2 medium with 2.5 lM milrinone. To collect zygotes and early embryos, 8-to 10-wk-old ICR female mice were first superovulated with 5 units of equine chorionic gonadotropin injection followed 48 h later by an injection of 5 units of human chorionic gonadotropin (hCG). Next, the female mice were mated with ICR male mice. Zygotes were extracted at 20 h after hCG injection. A portion of the zygotes were used for mRNA extraction and immunofluorescent analysis, and the other portion of zygotes was cultured in vitro for early embryo collection.
Immunofluorescence Labeling
CCNO rabbit multiclone antibody (UNG2 [H-267]) was purchased from Santa Cruz Biotechnology (sc-68886). The antibody of a-tubulin conjugated with fluorescein isothiocyanate (FITC; 1:200) was purchased from Sigma (F2618). The c-tubulin antibody was from Sigma (T6557). For immunofluorescence staining of CCNO protein, oocytes at different stages were first fixed in 4% paraformaldehyde followed by permeabilization in 0.1% Triton X-100 and blocking with 1% bovine serum albumin. Then, oocytes, zygotes, and early embryos were incubated with CCNO primary antibody (1:100) for 24 h at 48C, washed three times, and incubated with rhodamine-conjugated goat anti-rabbit secondary antibody (1:200; catalogue no. ZF-0316) for 2 h at 258C. After three washes, oocytes and embryos were stained with Hoechst 33342. The anti-atubulin-FITC antibody was incubated with oocytes for 12 h at 48C, washed three times, and stained with Hoechst 33342. Immunofluorescence signals were observed using confocal laser scanning microscopy.
Western Blot Analysis
Antibodies used for Western blot analysis were from Santa Cruz Biotechnology (sc-752) for CCNB1; from Beyotime (AC207) for pCDC2 (Tyr15); from ZSGB-BIO (TA-09) for ACTB; and from Abgent (AM1020b) for GAPDH. A total of 100 oocytes were used for each group. The proteins in oocyte lysate were separated by SDS-PAGE electrophoresis and were transferred to polyvinylidene fluoride membrane. The membrane was blocked in Tris-buffered saline (TBS) with 5% nonfat dry milk at 378C for 1 h and incubated with primary antibody at 48C overnight. Then, the membrane was washed three times with TBS with 0.1% Triton X-100 (TBST) and incubated with horseradish peroxidase-conjugated second antibody at 378C for 1 h. After three washes with TBST, the protein bindings were detected by Bio-Rad ChemiDoc XRSþ. 
FIG. 2. Expression pattern of
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Short Interfering RNA Microinjection
The short interfering RNAs (siRNAs) used for knocking down the expression of Ccno were purchased from Shanghai GenePharma Co., Ltd. The sequences of siRNAs targeted to Ccno mRNA were: first siRNA, sense, 5 0 -GAGGUCUC CUACCUGUAAATT-3 0 , and antisense, 5 0 -UUUACAGGUAGGAGAC CUCTT-3 0 ; and second siRNA, sense, 5 0 -GUACGGCAGUAAUAAAUAUTT-3 0 , and antisense, 5 0 -AUAUUUAUUACUGCCGUACTT-3 0 . The negative control siRNA sequence was: sense, 5 0 -UUCUCCGAACGUGUCACG-3 0 , and
To knock down the expression of Ccno in GV-stage oocytes, 50 mM Ccno siRNAs (mixture of the first and the second siRNAs) or negative control siRNAs was microinjected into GV-stage oocytes. The siRNA-injected oocytes were maintained at GV stage for 24 h in M2 medium containing 2.5 lM milrinone to maximize the efficiency of siRNAs. Next, oocytes were transferred to fresh M2 medium for in vitro maturation, and the GVBD rates of Ccno siRNA and negative control siRNAinjected oocytes were observed at 13 h later.
Plasmid Construction and Overexpression
To overexpress Ccnb1 or Cdc25b in oocytes, pBT plasmid encoding GFPtagged Ccnb1 or encoding mCherry-tagged Cdc25b was constructed. As details, primers used for amplifying Ccnb1 coding DNA sequence (CDS) were: XhoI (D1094A; Takara) embodied forward primer, 5 0 -CCGCTCGAGCG GATGGCGCTCAGGGTCACT-3 0 ; and BamHI (D1010A; Takara) embodied reverse primer, 5 0 -CGCGGATCCGCGTGCCTTTGTCACGGCCTT-3 0 . Primers used for amplifying Cdc25b CDS sequences were: XhoI embodied forward primer, 5 0 -CCGCTCGAGCGGATGGAGGTACCCCTGCAG-3 0 ; and BamHI embodied reverse primer, 5
0 -CGCGGATCCGCGCTGGTCTTG CAGCCTGCT-3 0 . Amplified CDS sequences and pBT plasmids including GFP or mCherry sequences were double digested by XhoI and BamHI; then, Ccnb1 CDS sequences were ligated to pBT plasmids containing GFP sequences, and Cdc25b CDS sequences were ligated to pBT plasmids containing mCherry sequences. Both plasmids were linearized by NdeI (D1161A; Takara).
Purified Ccnb1-GFP and Cdc25b-mCherry linear plasmids were transcribed in vitro by an mMESSAGE mMACHINE T3 kit (AM1348; Invitrogen). Transcribed mRNAs were purified by Qiagen RNeasy micro Kit (catalogue no. 74004). The activities of Ccnb1-GFP and Cdc25b-mCherry were detected by overexpressing the cRNAs in normal oocytes that were blocked in milrinone for 10 h. To overexpress the Ccnb1-GFP and Cdc25b-mCherry in Ccno knockdown GV oocytes, transcribed mRNAs (.100 ng/ll) were microinjected into milrinone-blocked oocytes 24 h after Ccno siRNA MA ET AL. microinjection. To improve the expression levels of injected mRNAs, oocytes were blocked at the GV stage with milrinone for 4 h and then released into fresh M2 medium. The GVBD rates of siRNA-and mRNA-injected oocytes were observed at 2 and 4 h after in vitro maturation in fresh M2 medium.
Quantitative Real-Time PCR
The mRNAs of Ccno knockdown oocytes and control group oocytes were isolated by using an RNeazy Micro Kit (74004; Qiagen). The mRNAs were reverse transcribed to cDNAs for PCR by using an M-MLV first-strand kit (C28025-032; Invitrogen). Quantitative real-time PCR was used to evaluate the efficiency of the knockdown of Ccno mRNAs by Ccno siRNAs compared with negative control siRNAs. Quantitative real-time PCR was also used for detecting the expression pattern of Ccno in oocytes. Sequences used for quantitative real-time PCR were: Ccno forward primer, 5
0 -TCCAGTCAG
0 -CGCGTCTCCTTCGAGCTGTTTG-3 0 ; and Ppia reverse primer, 5 0 -TGTAAAGTCACCACCCTGGCACAT-3 0 . We performed quantitative real-time PCR on the Rotor-Gene Q (Qiagen) platform using Ultra-SYBR Mixture (CW0957; CWbio).
Statistical Analysis
We used the Student t-test to evaluate the significance of the GVBD rate difference among different oocyte groups. P , 0.05 was considered statistically significant.
RESULTS
Expression Pattern of Ccno in Oocytes and Early Embryos
By immunofluorescence labeling, we found that CCNO was localized in the GV of GV-stage oocytes as early as the nonsurrounding nucleolus stage (Fig. 1) . After GVBD, the CCNO localized at the spindle region of oocytes ( Fig. 1 and Supplemental Fig. S1 , available online at www.biolreprod.org). Using quantitative real-time PCR we found that Ccno was a maternal factor gene that was mainly transcribed in oocytes and zygotes and degraded in two-cell-stage embryos (Fig. 2) . Although the Ccno mRNAs degraded at the two-cell embryo stage, the immunofluorescence labeling results showed that the CCNO protein still existed in embryos even at the eight-cell stage (Supplemental Fig. S1 ). In early embryos, we also could detect the CCNO localization at the nuclear or spindle region.
Knockdown of Ccno Arrests Oocytes at the GV Stage
Ccno siRNAs and negative control RNAs were microinjected into the GV-stage oocytes, respectively, and the oocytes were blocked at this stage by milrinone for 24 h. The efficiency of Ccno siRNAs was evaluated by quantitative real-time PCR. As a result, more than 90% of Ccno mRNAs were knocked down by Ccno siRNA injection compared with the control group (Fig. 3A) . At 13 h after in vitro maturation, most Ccno knocked down oocytes were arrested at the GV stage: GVBD occurred in 65.6% 6 2.4% of negative control siRNAmicroinjected oocytes (n ¼ 112), whereas GVBD occurred in only 12.8% 6 2.3% of Ccno siRNA-microinjected oocytes (n ¼ 171). The GVBD in Ccno siRNA-microinjected oocytes was significantly inhibited (P , 0.01; Fig. 3B ).
The Knockdown of Ccno Affects the Formation of Microtubule Organization Centers
We stained the a-tubulin and c-tubulin in oocytes that were in vitro matured for 1.5 h. We found that the Ccno knockdown oocytes showed few or no MTOCs (marked by c-tubulin) in the cytoplasm at GV stage, whereas the MTOCs appeared around the nucleus in control oocytes even when they were still at the GV stage (Fig. 4) .
Overexpression of Cdc25b Cannot Overcome the GV Arrest Induced by Ccno Knockdown
CDC25B is a substrate of PKA and is essential for mouse oocyte meiotic resumption [13] . Oocytes of Cdc25b-depleted mice cannot activate CDC2 and fail to resume meiosis [12] . The entry of CDC25B into the nucleus is controlled by PKA and occurs prior to export of WEE1B from the nucleus [10] . Overexpressed CDC25B can overcome the oocyte maturation inhibition induced by IBMX [22] . We constructed the plasmid vector expressing Cdc25b-mCherry, and the mRNAs of FIG. 6 . Ccno knockdown-induced GV arrest could be rescued by Ccnb1 overexpression but not by CDC25b overexpression. A) Schematic diagram of rescuing GV arrest induced by Ccno knockdown via overexpression of Ccnb1-GFP or Cdc25b-mCherry. First, Ccno siRNAs or negative control (NC) siRNAs were microinjected into GV oocytes. After 24 h of arrest at the GV stage by milrinone, Ccnb1-GFP or Cdc25b-mCherry mRNAs were microinjected into parts of the Ccno siRNA-injected oocytes. With an additional 4-h milrinone block, all oocytes were released into M2 medium for in vitro maturation. The GVBD rates were observed 2 and 4 h later. B) GVBD rates of the four groups of oocytes. Ccno siRNA, Ccno siRNAmicroinjected oocytes (n ¼ 55); NC siRNA, negative control siRNAmicroinjected oocytes (n ¼ 62); Ccno KD Ccnb1 OE, Ccnb1-GFP mRNAmicroinjected Ccno knockdown oocytes (n ¼ 64); and Ccno KD Cdc25b OE, Cdc25b-mCherry mRNA-microinjected Ccno knockdown oocytes (n ¼ 61). The mean GVBD rate value compared with the mean GVBD rate of the Ccno siRNA-injected group, *t-test P value ,0.05 and .0.01; **P value ,0.01. Error bars are mean 6 SD.
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Cdc25b-mCherry were in vitro transcribed and purified. We overexpressed the CDC25B-mCherry in GV oocytes by microinjection and found that the overexpression of CDC25B could also overcome the GV arrest induced by milrinone (Fig.  5) .
To rescue the GV arrest of oocytes induced by Ccno knockdown, in vitro-transcribed Cdc25b-mCherry mRNA was microinjected into oocytes at 24 h after Ccno siRNA injection. After a 4-h block at the GV stage, Cdc25b-mCherry-injected and noninjected Ccno knockdown oocytes were released in M2 medium. At 2 and 4 h later, we observed the GVBD rates of Cdc25b-mCherry overexpressed and nonexpressed oocytes (Fig. 6) . We found no significant change in the GVBD rate between these two groups (Fig. 6) . After 4 h of in vitro maturation, Cdc25b-mCherry overexpressed oocytes were fixed and observed with confocal laser scanning microscopy.
Red fluorescence signal localization of mCherry could be detected at the GV (Fig. 7A) . These results indicate that CCNO does not affect CDC25B entry into the nucleus, and overexpression of CDC25B cannot rescue the GV arrest of oocytes induced by Ccno knockdown.
GV Arrest Induced by Ccno Knockdown Can Be Rescued by Ccnb1 Overexpression
In addition to Cdc25b-mCherry, we also constructed the plasmid expressing Ccnb1-GFP. The Ccnb1-GFP mRNAs were in vitro transcribed and purified. After microinjection into GV oocytes, we found the overexpression of Ccnb1 could overcome the GV arrest induced by milrinone and released the oocytes from GV arrest (Fig. 5) . We then overexpressed GFPcoupled Ccnb1 into Ccno knockdown oocytes with the same FIG. 7 . Localization of CCNB1 and CDC25B after injection of Cdc25b-mCherry and Ccnb1-GFP in Ccno knockdown oocytes. A) Cdc25b-mCherry entered the GV of Ccno knockdown oocytes. B) Ccnb1-GFP was localized in the cytoplasm at the early GV stage, and it localized at the nuclear area around the GVBD stage. After GVBD, all Ccnb1-GFP overexpressed oocytes were blocked at the MI stage, and Ccnb1-GFP was localized at the spindle region. Original magnification 3400. method as that used for overexpressing Cdc25b. About 54.6% 6 7.8% and 77.0% 6 6.1% (n ¼ 64) Ccno knockdown oocytes resumed GVBD after 2 and 4 h of in vitro culture, respectively (Fig. 6) . The GVBD rate of Ccnb1-rescued oocytes was lower than that of the negative control siRNA-injected oocytes (2-h GVBD rate, 87.9% 6 6.4%; 4-h GVBD rate, 89.7% 6 4.6%; n ¼ 62) but was significantly higher than that of Ccno siRNAinjected oocytes (2-h GVBD rate, 16.4% 6 0.2%; 4-h GVBD rate, 20.5% 6 3.8%; n ¼ 55) and that of Cdc25b overexpressed Ccno siRNA-injected oocytes (2-h rate, 9.7% 6 2.5%; 4-h rate, 13.0% 6 4.1%; n ¼ 61). Different from the results described by Ledan et al. [23] , not just a portion but all oocytes rescued by Ccnb1-GFP were blocked at the MI stage when the oocytes were in vitro cultured for ;12 h (Fig. 7B) .
Knockdown of CCNO Blocks the Activity of MPF by Inhibiting the Dephosphorylation of CDC2 (Tyr15)
We then detected whether Ccno knockdown would affect the expression of Ccnb1. From real time PCR and Western blot analysis results, we found no significant change in Ccnb1 at the mRNA and protein levels (Fig. 8, A and B) . We also detected the phosphorylation state of the Tyr15 of CDC2. We found that when the Ccno was knocked down, the dephosphorylation of the Tyr15 of CDC2, which was required for MPF activation, was blocked (Fig. 8, C and D) .
DISCUSSION
In this study, for the first time we have found that CCNO (cyclin O) is essential for oocyte meiotic resumption, and we thus revealed a new regulator of oocyte GVBD. The mRNA expression pattern of Ccno, higher in oocytes and zygotes but degraded at the two-cell embryo stage, showed that CCNO was a classic maternal factor. The increase of mRNA at the zygote, which has little transcription activity, indicated the Ccno expression may be regulated by the poly(A) tail degradation and polyadenylation mechanism [24] . In interphase, CCNO was localized to the nucleus, whereas it was distributed to spindle microtubules during cell division. By siRNA microinjection, we knocked down the expression of Ccno in GV-stage oocytes. More than 80% of Ccno knocked down oocytes were not able to resume meiosis, whereas more than 60% of negative control siRNA-injected oocytes resumed meiosis. This result indicates that expression of Ccno at the GV stage is essential for oocyte meiotic resumption. During oocyte maturation, MTOCs appeared in the ooplasm (mostly surrounding the GV). The appearance of MTOCs was mainly controlled by the activity of Aurora Kinase A (AURKA), which was fully activated by CDC2 [25] . The MTOC formation was inhibited in Ccno knockdown oocytes, indicating that CCNO may take effect at the early GV stage on the AURKA.
It is well known that MPF is a key regulator of oocyte meiotic resumption. CDC25 protein could dephosphorylate and activate the WEE1-phosphorylated CDC2, the catalytic subunit of MPF [11] . We found that during in vitro maturation the Tyr15 of CDC2 of Ccno knockdown oocytes could not be dephosphorylated, whereas Cdc25b overexpression could not rescue GV arrest induced by Ccno knockdown, indicating that there may be other mechanism(s) regulating the oocyte meiotic resumption.
CCNB1 is the regulatory subunit of MPF. Increases of CCNB1 at the GV stage can activate CDC2, the catalytic CYCLIN O REGULATES GVBD subunit of MPF, and promote oocyte meiotic resumption. During the metaphase-to-anaphase transition of first meiosis, CCNB1 is broken down by the APC/C complex. Overexpression of CCNB1 could block a portion of the oocytes at the MI stage [23] . In our results, all of the oocytes overexpressing CCNB1 arrested at MI stage, which may be induced by the high concentration of the Ccnb1-GPF RNAs.
The expression level of Ccnb1 in GV oocytes is mainly controlled by translation repression and APC-FZR1 induced degradation [26, 27] . The overexpression of Ccnb1 could overcome the GV arrest induced by milrinone or by Ccno knockdown separately but could not overcome the GV arrest induced by milrinone coupled with Ccno knockdown. We hypothesize that: in addition to CDC2, there may be some other factors in Ccno knockdown oocytes to bind with CCNB1 to promote GVBD, and this process needs a higher CCNB1 level. When oocyte meiosis resumption was blocked by milrinone, overexpression of CCNB1 could activate the CDC2 activity and promote GVBD. When oocyte GVBD was blocked by Ccno knockdown, the overexpressed CCNB1 FIG. 9. Hypothesis model of the mechanisms of oocyte meiosis resumption. We supposed that in addition to CDC2, there may be other unknown factors that could bind to CCNB1 to promote GVBD, and the activation of this unknown factor needed a higher level of CCNB1 and could be blocked by milrinone. A) When the Ccno was knocked down, the oocytes arrested at the GV stage because the activation of CDC2 was blocked. B) The overexpression of CDC25B could activate the CDC2 and rescue the GV arrest induced by milrinone. C) But the CDC25B could not rescue the GV arrest induced by Ccno knockdown. D) Overexpressed CCNB1 could activate the CDC2 and rescue the GV arrest induced by milrinone. E) Overexpressed CCNB1 could activate the unknown factor to promote GVBD in Ccno knockdown oocyte. F) When the GVBD was blocked by both the milrinone and Ccno knockdown, overexpression of CCNB1 could activate neither CDC2 nor the unknown factor to release the blocked oocyte.
could bind some other factors but not CDC2 to promote GVBD. However, when oocyte meiosis resumption was blocked by both milrinone and Ccno knockdown, overexpression of CCNB1 could not form MPF complex to promote GVBD (Fig. 9) .
Our data revealed that CCNO was a key regulator of oocyte meiotic maturation. CCNO was critical for the dephosphorylation of CDC2 (Tyr15), whereas the CCNO effects on CDC2 could be rescued by overexpression by CCNB1. Oocyte meiotic resumption is controlled by complex signal networks. So far only a few molecules, such as WEE1B, BUBR1, CDH1, CCNB1, and CDC25B, have been shown to regulate this event.
Here we have presented an investigation of the biological function of CCNO in oocyte meiotic resumption, but we still do not know which CDK is the catalytic subunit of CCNO, which requires further clarification in future studies.
